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A viral epizootic in cultured populations of juvenile goldfish due to a putative herpesvirus etiology
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Goldfish (Carassius auratus) are among the most common species of cultured fish due to their popularity as companion animals and their value as feeder fish and laboratory animals. Despite their international culture and distribution, few viral diseases have been reported and characterized in this species. Iridoviruses have previously been isolated from the swim bladders of apparently healthy juvenile and adult goldfish, although their association with disease conditions has not been determined. 1 More recently, a herpesvirus infection has been reported as the cause of severe mortalities among goldfish populations in Japan. 7 This report describes a similar condition due to a putative herpesvirus etiology in juvenile goldfish from a private culture facility in the western United States.
Moribund, juvenile (2 month) goldfish approximately 2-3 g and 2.5-4.0 cm were submitted for examination due to a reported 50-100% mortality among the populations during the spring of the year. The goldfish stocks were maintained in 1,323 liters recirculating systems at an ambient temperature that was 20-22 C at the time of submission. The fish were maintained at a density of 3.0-4.5 g/liter and fed a commercial pelleted feed with a high protein content (45%) at 5% body weight per day. Municipal water, dechlorinated before use, was used as the water source. The client reported that the water had a constant pH of 7.4 with undetectable concentrations of ammonia and nitrate, although the nitrite concentrations were increased (values not reported). Sodium chloride, at a concentration of 6.0 mg/liter, was subsequently added to the system in an effort to prevent adverse effects from the increased nitrite concentrations. The client also reported that the initial morbidity and mortality had occurred several weeks before submission, when the ambient water temperature exceeded 15-16 C, but became more severe as the ambient water temperature increased. The juvenile goldfish were progeny of broodstock maintained and bred at the facility, although the origins of these broodstock were not confirmed.
Affected fish were lethargic and anorexic, often with increased respiratory efforts and gill pallor. Wet-mount examination of the gills and integument were negative for external pathogens, although a few fish had multifocal necrosis of the branchial epithelium. Fish were humanely euthanatized by immersion in a 200 mg/liter solution of tricaine methanesulfonate. a The kidneys were cultured on blood agar and brain-heart infusion agar before further examination. Gross internal lesions were restricted to the kidney and spleen, which were variably pale and swollen. Wet-mount examination of the internal organs revealed degeneration and necrosis of the spleen and the renal interstitial lymphohematopoietic tissue. Enlarged lymphohematopoietic cells that contained prominent dense nuclei were occasionally found in wet mounts of the kidney. After the necropsy, selected fish were processed for viral isolation according to standard techniques. 4 Briefly, kidneys obtained from 30 fish were processed in pools of 5 and inoculated on 3 fish cell lines: the chinook salmon embryo (CHSE-214) cell line; b,9 the fathead minnow (FHM) cell line; c,5 and the epithelioma papulosum cyprini (EPC) cell line from the common carp. 3 Cell cultures were incubated at 20 C and examined daily for cytopathic effect. The remaining fish were fixed in 10% neutral-buffered formalin or Bouin's fixative for standard paraffin embedding, sectioning, and staining with hematoxylin and eosin.
Histopathological examination of midsagittal sections revealed a variable, mild to severe, multifocal to diffuse hypertrophy and hyperplasia of the branchial secondary lamellar epithelium that often resulted in focally extensive fusion of the adjacent lamellae (Fig. 1) . The affected epithelial cells had an increased nuclear to cytoplasmic ratio due to enlarged hypochromatic or vesicular nuclei with margination of the nuclear chromatin. The nuclear contents were replaced by a fine, homogeneous, pale, amphophilic to basophilic material that generally occupied the entire nuclear space (Fig.  1 ). This homogeneity of the intranuclear material often resulted in a refractile appearance of the affected nuclei. There was also a variable degeneration and coagulative necrosis of the affected branchial epithelial cells, which was considered secondary to the cellular hypertrophy and hyperplasia. The cellular degeneration and necrosis was often associated with a variable infiltration of lymphocytes, dependent on the extent and severity of the necrosis.
Likewise, there was a variable, mild to severe, multifocal to diffuse degeneration and coagulative necrosis of the spleen (splenic stroma and lymphoid tissue) and the renal interstitial lymphohematopoietic cells. The affected cells had nuclear changes similar to the changes previously described for the affected branchial epithelial cells (Fig. 2) . In several fish, there was also involvement of the exocrine pancreas, intestinal lamina propria, and the epithelium of the opercula, oropharynx, and/or integument characterized by similar nuclear changes with a variable secondary degeneration and coagulative necrosis of the affected cells. However, the involvement of these tissues was not consistent, nor was there always concurrent involvement of the gills and kidneys among the infected fish.
Bacterial cultures of the kidney were negative for growth after 10 days. There was also no apparent viral cytopathic effect in the CHSE-214, EPC, or FHM cell lines after a 21-day incubation period. Therefore, the EPC and CHSE-214 cell cultures were passed to new cells and incubated for an additional 21 days. This procedure was repeated a third time for the EPC cell cultures. However, there was no apparent viral cytopathic effect in these additional cell cultures.
Formalin-fixed branchial and renal tissues were procured from the paraffin blocks for transmission electron microscope examination. The tissues were deparaffinized in xylene overnight before rehydration through a graded ethanol series, placed in Sorenson's phosphate buffer (0.1 M, pH 7.2), then fixed in Karnovsky's solution for 4 hours at 4 C. After a brief rinse in phosphate buffer, the tissues were postfixed in 1% aqueous osmium tetroxide, dehydrated through a graded acetone series, infiltrated, and embedded in epoxy. Thin sections were cut at 60-90 nm and stained with 4% uranyl acetate and lead citrate before their examination with a transmission electron microscope. d Ultrastructural examination of both the branchial and renal tissue revealed nonenveloped intranuclear viral particles with spherical to hexagonal nucleocapsid profiles that varied in electron density and ranged in size from 100-110 nm (Fig. 3) , whereas the enveloped cytoplasmic viral particles were elliptical and ranged in size from 175-200 nm, depending on the amount of tegument (Fig. 4) . The viral particles were generally dispersed throughout the nucleus and cytoplasm, although intranuclear aggregations of viral nucleocapsids were occasionally found (Fig. 3) . The infected cells were degenerative and necrotic, with dissolution of the nuclear chromatin and the cytoplasmic matrix without distinct cytoplasmic organelles. Additional survivor fish from the facility were obtained 2 weeks after the initial submission; microscopic examination of them was unremarkable, without evidence of an active viral infection or resolution of a previous infection. Likewise, viral isolation from these fish was negative.
The ultrastructural features of the viral particles were consistent with the morphological characteristics of the herpesviruses as described in other vertebrates, 10 including teleosts. 2, 6, 8, [11] [12] [13] The features were also consistent with the morphological characteristics of the herpesvirus previously isolated from goldfish in Japan that had a reported nucleocapsid diameter of 115-117 nm and an enveloped viral particle diameter of 170-220 nm. 7 Furthermore, the clinical signs and pathological lesions of the goldfish involved in the Japanese epizootic were similar to those described in this report. However, involvement of the intestines was a consistent finding in the herpesvirus-infected goldfish from Japan, but it was not a consistent feature of those we examined. In further contrast, involvement of the branchial epithelium and the epithelium of the opercula, oropharynx, and the integument in the goldfish described here was not reported as a finding in the herpesvirus-infected goldfish from Japan.
We could not characterize the virus responsible for this epizootic because it could not be isolated in cell culture. Although a herpesvirus was initially isolated from the goldfish involved in the Japanese epizootic, the viral isolate apparently did not survive or remain viable in cell culture after 4 passages. 7 However, initial isolation and recovery of the virus from affected goldfish involved in the Japanese epizootic permitted experimental exposure studies that resulted in clinical symptoms and lesions similar to those observed in the spontaneous disease. Historical information also suggested that the epizootic in Japan was associated with water temperatures of 20-25 C during spring and autumn, without evidence of clinical disease at temperatures greater than 25 C similar to the environmental conditions associated with the present case.
In conclusion, the viral infection was presumed to be the cause of the increased mortality in this population due to the extent and severity of the infection, although additional factors such as increased nitrite concentrations may have exacerbated the mortality. Husbandry methods to prevent future epizootics in the facility were recommended, including removal of survivor fish and isolation or removal of other fish directly or indirectly exposed to the infected populations. In addition, identification and separation of broodstock was also recommended due to the potential for vertical transmission and the phenomenon of latent infections that characterizes herpesviruses. 10 Further recommendations included future maintenance of separate broods without mixing and strict attention to husbandry practices to prevent indirect or direct transmission. The facility is currently being monitored for recurrence of clinical disease. 
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